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(54) A valve for use in breathing apparatus. 

(57) A demand value for use in breathing ap- 
paratus, and comprising a housing 1 in which is 
mounted a diaphragm 2 such as to divide the 
interior of the housing into two separate cham- 
bers 3,4. Chamber 4 is vented to atmosphere 
through a hole 14; chamber 3 is connected via 
a pipe 13 to a gas outlet whereby breathing gas 
may be supplied to a face piece or mask for a 
user. Breathing air is supplied from a main gas 
supply channel 8 via a main valve 9,10 to a gas 
supply channel 6. A gas inlet channel 5 con- 
nects the supply channel 6 to the chamber 3 
under the control of a needle valve 11 which 
closes an orifice 7. The head 11B of the needle 
valve is urged by a spring (not shown) into 
contact with the diaphragm 2 and thus the 
movement of the diaphragm controls the open- 
ing and closing of the needle valve. The diap- 
hragm 2 is pivoted about spaced pivot members 
15, and leaf springs 16 are used to maintain the 
diaphragm in contact with the pivot members 
15. A leaf spring 17 acts to push the diaphragm 
about the pivot members in a direction such as 
to tend to close the needle valve 11. 
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This invention relates to a valve for use in breath- 
ing apparatus and more particularly to a demand 
valve. 

From U.K. Patents Nos. 2 190 001, 2 195 900, 2 
234 368 and 2 239 328 there is known a valve for use 
in breathing apparatus which includes a housing hav- 
ing a diaphragm mounted therein to define with the 
housing two chambers, a first one of which has a gas 
inlet for receiving breathing gas and a gas outlet 
through which breathing gas may be supplied to a 
face piece or mask for a user. The second chamber 
includes pivot means eccentrically mounted such that 
the diaphragm is pivoted at a position between its 
centre of gravity and the gas inlet to the first chamber. 
The second chamber is vented direct to atmosphere, 
and , when a pressure sufficiently greater than at- 
mospheric pressure is present in the first chamber, 
the diaphragm is pivoted to close the gas inlet against 
the pressure of the inflowing gas. A reduction of pres- 
sure in the first chamber when inhalation commences 
causes the diaphragm to pivot away from the gas inlet 
and allow gas to flow into the first chamber. 

The known valve as described in outline above 
may be a demand valve per se or may be a pi lot valve 
used in conjunction with a main valve as a pilot-oper- 
ated demand valve. The first chamber of the known 
valve may additionally include spring means located 
at or near the gas inlet, the spring means exerting a 
biasing force on the diaphragm to ensure that the 
closing pressure required in the first chamber for piv- 
oting the diaphragm to close the gas inlet is always 
sufficiently greater than the atmospheric pressure. 
Such a biasing spring is usually employed when the 
valve is a pilot valve and the pressure exerted on the 
diaphragm is a low pressure resulting from the small 
gas inlet to the first chamber which is the pilot jet. 

The valves described in the aforesaid patents are 
all positive pressure valves because the pressure re- 
quired in the first chamber to close the gas inlet is al- 
ways greater than atmospheric pressure as dis- 
cussed above. Positive pressure valves are used in 
protective respiratory systems where the user is iso- 
lated from the atmosphere by a face mask or other 
sealing means, and the positive pressure in the sys- 
tem ensures that any leakage past the sealing means 
is leakage from the protective system to atmosphere. 
However, in other applications, for example medical 
demand regulators, the outlet of the demand regula- 
tors is open to atmosphere for a substantial part of 
the time and if a valve according to the aforesaid pa- 
tents were to be used for such an application, the pos- 
itive pressure valve would deliver unrestricted flow to 
atmosphere. 

Accordingly medical demand regulators require a 
negative pressure demand valve. The obvious modi- 
fications to the valve of the aforesaid U.K. patents in 
order to make this valve a negative pressure demand 
valve are either non-operative or unsatisfactory. In 



particular changing of the position of the spring in the 
first chamber to the opposite side of the pivot to the 
gas inlet will result in the pivot becoming inoperative, 
the reduction of pressure in the first chamber on in- 

5 halation simply sucking the diaphragm away from the 
pivot, and the gas inlet remaining closed. The same 
result will occur if the spring is positioned on the same 
side of the pivot as the gas inlet but on the opposite 
side of the diaphragm. 

10 A further alternative possibility for making the 

valve of the aforesaid patents into a negative pres- 
sure demand valve is to change the positions of the 
pivot and the spring to the opposite sides of the dia- 
phragm so that the pivot is in the first chamber and 

15 the spring is in the second chamber on the same side 
of the pivot as the gas inlet. Such a modification will 
not function satisfactorily since the normal level of 
pressure above atmospheric experienced during ex- 
halation and communicated to the first chamber 

20 would lift the diaphragm off the pivot. 

According to the present invention there is pro- 
vided a valve for use in breathing apparatus compris- 
ing a housing, a diaphragm mounted within the hous- 
ing and, together with the housing, defining a first 

25 chamber on one side of the diaphragm and a second 
chamber on the other side of the diaphragm, a gas in- 
let to the first chamber, a gas outlet from the first 
chamber, vent means in the housing connecting the 
second chamber to ambient atmosphere, pivot 

30 means in the first chamber for engaging the dia- 
phragm on a pivot axis between the centre of gravity 
of the diaphragm and the gas inlet, first spring means 
mounted to the housing within the second chamber 
and extending into engagement with the opposite side 

35 of the diaphragm to the pivot means and applying to 
the diaphragm a force directed toward the pivot axis 
to maintain the diaphragm in engagement with the 
pivot means, and further spring means mounted to 
the housing and extending into the first chamber into 

40 contact with the diaphragm at a position on the oppo- 
site side of the pivot means to the gas inlet and urging 
the diaphragm to pivot so that the part of the dia- 
phragm on the same side of the pivot means as the 
gas inlet is moved in a direction to close the gas inlet 

45 whereby the gas inlet is closed by the diaphragm at a 
pressure below atmospheric pressure. 

Conveniently a valve according to the present in- 
vention further includes adjustment means for ad- 
justing the further spring means to vary the moment 

so about the pivot exerted by the further spring means, 
and so to adjust the opening pressure of the valve (i.e. 
the pressure in the first chamber at which the dia- 
phragm will start to pivot away from the gas inlet to 
allow gas to flow into the first chamber from the gas 

55 inlet). 

The provision of adjustment means enables a 
valve in accordance with the present invention to be 
manufactured to substantially lower manufacturing 
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tolerances than are required if a valve according to 
the aforesaid U.K. Patents is to be manufactured to 
provide an opening pressure within acceptable limits. 

The provision of adjustment means for the fur- 
ther spring means enables a valve in accordance with 5 
the present invention to be operated at a wide range 
of negative pressures. The adjustment means may 
enable the valve according to the present invention to 
be converted from a negative pressure demand valve 
to a positive pressure demand valve acting at a range 10 
of positive pressures. 

The spring means employed in a valve according 
to the present invention may be helical compression 
springs. However, in the preferred embodiment of the 
present invention the first spring means is a first leaf 15 
spring means. Advantageously the further spring 
means is a further leaf spring means. 

When the further spring means is a further leaf 
spring means, the adjustment means conveniently 
comprises a screw located in the housing and acting 20 
on the further leaf spring means at a position be- 
tween the mounting of the further leaf spring means 
to the housing and the contact of the further leaf 
spring means with the diaphragm. 

Preferably a valve according to the present inven- 25 
tion includes additional spring means, advantageous- 
ly additional leaf spring means, mounted to the hous- 
ing within the second chamber and extending into 
contact with the diaphragm at a position on the oppo- 
site side of the pivot means from the gas inlet. 30 

The first spring means and additional spring 
means may conveniently be combined in a single part 
comprising a common base member and two twin leaf 
springs extending therefrom, one twin leaf spring be- 
ing the first spring means and the other twin leaf 35 
spring being the additional spring means. 

In accordance with a preferred embodiment of 
the present invention there is provided a valve for use 
in breathing apparatus comprising a housing, a dia- 
phragm mounted within the housing and, together 40 
with the housing, defining a first chamber on one side 
of the diaphragm and a second chamber on the other 
side of the diaphragm, a gas inlet to the first chamber, 
a gas outlet from the first chamber, vent means in the 
housing connecting the second chamber to ambient 45 
atmosphere, pivot means in the first chamber for en- 
gaging the diaphragm on a pivot axis between the 
centre of gravity of the diaphragm and the gas inlet, 
V-shaped leaf spring means mounted to the housing 
within the second chamber such that the apex of the so 
V-shaped leaf spring means contacts the diaphragm 
at a position in the second chamber opposite to the 
pivot axis to urge the diaphragm into engagement with 
the pivot under all operating conditions while impart- 
ing to the diaphragm negligible moment to pivot about 55 
the pivot means, adjustable leaf spring means mount- 
ed to the housing within the first chamber and extend- 
ing into the first chamber into contact with the dia- 
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phragm at a position on the opposite side of the pivot 
means to the gas inlet and urging the diaphragm to 
pivot so that the part of the diaphragm on the same 
side of the pivot means as the gas inlet is moved in a 
direction to close the gas inlet, and additional leaf 
spring means mounted to the housing in the second 
chamber and extending into the second chamber into 
contact with the diaphragm at a position between the 
contact with the diaphragm of the apex of the V-shap- 
ed leaf spring means and the point of contact with the 
diaphragm of the adjustable leaf spring means, the 
adjustable leaf spring means being operative to exert 
a greater moment about the pivot axis than the addi- 
tional leaf spring means, whereby the gas inlet is 
closed at a pressure below atmospheric pressure. 

The closing of the gas inlet as a result of pivoting 
movement of the diaphragm may be effected by the 
diaphragm being brought into direct contact with a gas 
inlet jet extending into the first chamber. Alternatively 
the gas inlet may be closed by the pivoting movement 
of the diaphragm acting on an intermediate member 
which in turn closes the gas inlet and stops the flow 
of gas into the first chamber. 

In the embodiment of the present invention which 
will be described, the gas inlet to the first chamber 
comprises a gas inlet channel extending between the 
first chamber and a gas supply channel within the 
housing, the gas inlet channel includes an orifice con- 
necting the gas inlet channel to the gas supply chan- 
nel, and a reciprocal needle member is located within 
the gas inlet channel between the orifice and the first 
chamber, the needle member comprising a main body 
adapted for sliding movement within the gas inlet 
channel and having a diameter smaller than that of 
the gas inlet channel, permitting passage of gas 
along the gas inlet channel, past the needle member. 

A head and neck extend from the main body of 
the needle member into the first chamber. A needle 
head leaf spring means is mounted to the housing in 
the first chamber and engages the head of the needle 
member to hold it laterally in line with the centre of the 
gas inlet channel. In this way, the needle member can 
move up and down, located at the bottom by the lo- 
cation of the needle with the aperture, and located at 
the top by the leaf spring member channel. At the 
same time, the head of the needle member is urged 
continuously into contact with the diaphragm. 

The contact of the head portion with the dia- 
phragm, causes the diaphragm to move the needle 
member and hence the needle into sealing engage- 
ment with the aperture when the moments exerted on 
the diaphragm by the pressure in the first chamber 
and by the adjustable leaf spring means exceed the 
moments exerted on the diaphragm by the pressure 
in the second chamber and by the additional leaf 
spring means. 

Optionally a mechanical means may be fitted to 
press down on the needle-head leaf spring means to 
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urge the needle into sealing engagement with the 
aperture, thus allowing a method of closing the valve, 
independent of diaphragm movement. 

The use of the needle member to close the gas 
inlet avoids contact between the surface of a gas inlet 5 
jet extending into the first chamber and the flexible 
and resilient elastomeric material of the diaphragm 
which could lead to difficulty in obtaining proper seal- 
ing of the jet in the closed position, for which the dia- 
phragm has to be accurately square with the surface 10 
of the jet in the closed position. Also, with the use of 
a needle member, there is no danger of any variation 
of the properties of the elastomeric material with tem- 
perature affecting the sealing properties in the 
closed position of the valve. 15 

In accordance with a further feature a valve in ac- 
cordance with the present invention additionally in- 
cludes an over-ride leaf spring secured in the second 
chamber with the over-ride leaf spring adjacent a wall 
of the housing defining the second chamber, said wall 20 
having an opening therein, and a button slidable in the 
said opening to contact the over-ride leaf spring and 
deflect the over-ride leaf spring to move the dia- 
phragm against the action of the adjustable leaf 
spring means to obtain flow through the valve without 25 
a user attempting to draw gas from the valve. This 
feature may be used for manual override or fortesting 
to give the user confidence that the gas supply is 
functioning properly. 

Although the preferred embodiments of the pres- 30 
ent invention which will be described employ leaf 
springs it is, as already indicated, within the scope of 
the present invention for some or all of the various 
spring means to be helical or coil springs. When such 
helical or coil springs are used as the further spring 35 
means a pair of such springs is preferably provided, 
each acting on the diaphragm at a substantial dis- 
tance from the pivot means. 

The present invention will be better understood 
from the following detailed description of a preferred 40 
embodiment thereof which is made by way of exam- 
ple with reference to the accompanying drawings in 
which:- 

Figure 1 is a sectional elevation of a negative 
pressure pilot-operated demand valve in accor- 45 
dance with the present invention employing leaf 
springs; 

Figure 2 is a plan view of the pilot valve incorpo- 
rated in the demand valve of Figure 1 showing the 
positions of the various leaf springs employed 50 
above and below the diaphragm; 
Figure 3 is a plan view similar to Figure 2 but with 
the cover and diaphragm removed to show the 
relative positions of features in the first chamber; 
Figure 4 is an enlarged sectional view of a modi- 55 
f ied form of part of the valve illustrated in Figure 
1 and additionally incorporating an over-ride fea- 
ture comprising an over-ride leaf spring and an 



operating button for test or over-ride purposes; 
and 

Figure 5 is a plan view of the leaf spring of Figure 
4. 

In the drawings the same or similar parts are des- 
ignated by like reference numerals. 

Referring to Figures 1, 2 and 3 of the accompa- 
nying drawings there is shown a pilot-operated de- 
mand valve in which the pilot valve is constructed in 
accordance with the present invention. 

The pilot valve comprises a housing 1 consisting 
of a housing body 1A and a housing cover 1B within 
which there is mounted a diaphragm 2. The dia- 
phragm 2 is essentially similar to the diaphragm de- 
scribed in the aforesaid U.K. patents and comprises 
a flexible and resilient material 2A, such as rubber or 
synthetic plastics material, and a rigid backing plate 
2B supporting a greater part of the area of the flexible 
and resilient material 2A. The term "diaphragm" is 
used herein to denote the whole assembly of the flex- 
ible and resilient material 2A and the rigid backing 
plate 2B. 

The diaphragm 2 is mounted within the housing 
1 to define a first chamber 3 on one side of the dia- 
phragm 2 and a second chamber 4 on the other side 
of the diaphragm 2. 

A substantially cylindrical gas inlet channel 5 in a 
portion of the housing body 1A connects the first 
chamber 3 with an axial gas supply channel 6 in the 
housing body 1 A through an orifice 7 at the end of the 
gas inlet channel 5 adjacent to the axial gas supply 
channel 6. The axial gas supply channel 6 is supplied 
with gas from a main gas supply channel 8 through a 
central aperture 9 in a flexible valve member 10 of a 
main valve. 

The gas inlet to the first chamber 3 which is con- 
stituted by the orifice 7 and the gas inlet channel 5 
may be opened or closed by movement, either out of 
sealing engagement in the orifice 7 or into such seal- 
ing engagement, of a needle 11Aatone end of a nee- 
dle member 11 located in the cylindrical gas inlet 
channel 5. 

At the opposite end to the needle 11 A, the needle 
member 11 has a head 11 B which extends into the 
first chamber 3 and presents a convexly curved sur- 
face to the diaphragm 2. The main body of the needle 
member 11 is cylindrical in shape, and has a diameter 
smaller than that of the gas inlet channel 5 so as to 
permit passage of breathing gas from the orifice 7, 
when open, through the channel 5 past the needle 
member 11 into the first chamber 3. 

The curved surface of the head 11 B of the needle 
member 11 is maintained in contact with the dia- 
phragm 2 in all operating conditions by means of a 
needle head leaf spring 12 which is used to apply a 
load upwards under the head 11 B of the needle mem- 
ber 11. The leaf spring 12 has a forked end 12A for en- 
gaging under the head 11 B of the needle member 11 
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to urge the head 11 B continually into contact with the 
diaphragm 2 is shown in Figure 3 and in dashed lines 
in Figure 2. 

A gas outlet 13 (shown in Figure 3 and in dashed 
lines in Figure 2) connects the first chamber 3 to an 5 
appropriate means, for example a face mask, for de- 
livering breathing gas to a user. 

The second chamber 4 is connected to the ambi- 
ent atmosphere by a vent 14 in the housing cover 1B 
and the first chamber 3 further includes two pivot 10 
members 15 constituting a pivot means engaging the 
diaphragm 2 on a pivot axis defined by the line be- 
tween the tops of the two pivot members 1 5. The pivot 
axis lies between the centre of gravity of the dia- 
phragm 2 and the gas inlet constituted by the gas inlet 15 
channel 5 and the orifice 7. 

A pair of v-shaped leaf springs 16 is mounted to 
the housing cover 1 B within the second chamber 4, so 
that the apex of each v-shaped leaf spring 16 engag- 
es the opposite side of the diaphragm 2 to the pivot 20 
members 15 along a line which is vertically above the 
pivot axis. The leaf springs 16 therefore urge the dia- 
phragm 2 to stay on the pivot means while giving the 
diaphragm 2 a negligible moment to pivot in either di- 
rection. Effectively the leaf springs 16 engage the 25 
diaphragm 2 along the line of the pivot axis. 

The leaf springs 1 6 apply sufficient loading to en- 
sure that the diaphragm 2 remains in contact with the 
pivot means 15 under the highest anticipated pres- 
sure above atmospheric that may be experienced in 30 
the first chamber 3, which is typically the pressure 
generated on exhalation by a user, for example a pa- 
tient. 

A leaf spring 17 is mounted to the housing body 
1 A by a screw 18 and extends into the first chamber 35 
3 into contact with the diaphragm 2 at a position near 
to the edge of the diaphragm 2 on the opposite side 
of the pivot members 15 to the gas inlet channel 5. 
Leaf spring 17 urges the diaphragm 2 to pivot about 
the pivot members 15 to urge the needle member 40 
downwardly in the gas inlet channel 5 in a direction to 
cause the needle 11 A to close the orifice 7. 

Leaf spring 17 is an adjustable leaf spring, a 
screw 19 in a tapped hole 20 being provided to bend 
the leaf spring 1 7 upwards and exert a greater or less- 45 
er force on the diaphragm 2, depending on the posi- 
tion of the screw 19. 

Additional leaf spring means is provided in the 
second chamber 4 in the form of a pair of additional 
leaf springs 21 which are mounted to the housing cov- so 
er 1B in positions adjacent to the v-shaped leaf 
springs 16 so that the ends of the additional leaf 
springs 21 contact the diaphragm 2 at a small dis- 
tance to the right of the pivot axis and the contact be- 
tween the v-shaped leaf springs 16 and the dia- 55 
phragm 2. The additional leaf springs 21 urge the dia- 
phragm 2 to pivot clockwise to open the gas inlet by 
allowing the needle 11 to move out of sealing engage- 



ment with the orifice 7 in the gas inlet channel 5. 

In the preferred embodiment of the invention 
which is illustrated in the accompanying drawings, 
the v-shaped leaf springs 16 and the additional leaf 
springs 21 are combined in a single part comprising 
a common base member 22 with twin leaf springs 16 
and 21 extending from the common base member 22, 
as shown in Figure 2. Each leaf spring 16 and each 
leaf spring 21 is therefore made up of two leaf springs 
acting in unison. 

The adjustable leaf spring 17 and the additional 
leaf springs 21 are provided to balance the loads on 
the diaphragm 2 to achieve any required opening 
pressure, at which the needle 11 A of needle member 
11 will move out of sealing engagement in the orifice 
7 and allow gas to pass through the gas inlet channel 
5 to the first chamber 3. The gas inlet closes when the 
load exerted by the leaf spring 1 7 is sufficient to over- 
come the combined moments resulting from the load 
exerted on the diaphragm by the needle member 11 
as a result of the supply pressure and the action of 
leaf spring 12 (if provided), and by leaf spring 21. 

The diaphragm will stay in its closed position un- 
til the pressure in the first chamber 3 falls to a level 
at which the clockwise moment on the diaphragm 2 
due to the pressure difference across the diaphragm 
2 is sufficient to overcome the resultant moment of 
the above mentioned forces on the diaphragm 2. This 
pressure in the first chamber is the opening pressure 
of the valve. The design and arrangement of the leaf 
springs 12, 16, 17, and 21 can be adjusted to give a 
wide range of opening pressures above or below at- 
mospheric pressure. 

The association of the pilot valve hereinbefore 
described with the main valve is the same as that dis- 
closed in the aforesaid corresponding U.K. Patent Ap- 
plication and will not be described in detail. 

Referring to Figures 4 and 5 of the accompanying 
drawings there is shown an additional feature which 
is a test or over-ride mechanism which is incorporated 
in the second chamber 4 of the valve of Figures 1 to 
3. 

The test or over-ride mechanism comprises es- 
sentially an over-ride leaf spring 24 which is mounted 
in the housing cover 1B by a bolt 25 near one end of 
the over-ride leaf spring 24 so that the override leaf 
spring 24 is substantially parallel to the diaphragm 2. 
A cylindrical button 26 is a sliding fit in an opening 
through the housing cover 1B, the housing cover 1B 
being recessed at 27 so that the button 26 may pro- 
trude beyond the surface of the housing cover 1B 
which surrounds the opening without extending 
through the outer plane of the housing cover 1 B with 
consequential risk of accidental operation. 

As shown in Figure 5 the leaf spring 24 is shaped 
to have a narrower flexible portion 28 remote from 
the bolt 25 for easy flexing of the over-ride leaf spring 
24 under the action of button 26. 
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By pressing the button 26 the over-ride leaf 
spring 24 is caused to bend so that the end 29 of the 
over-ride leaf spring 24 remote from the bolt 25 
comes into contact with the diaphragm 2 and moves 
the diaphragm 2 against the action of the adjustable 
leaf spring 17 to permit movement of needle member 
1 1 to open the orifice 7 of the gas inlet and permit gas 
to flow through the valve either as a simple test or for 
use in resuscitation or a similar application where 
breathing gas is to be forced into the lungs of a pa- 
tient. 

It is the use of an over-ride leaf spring 24 as op- 
posed to a compression spring in the test or over-ride 
mechanism herein described which enables the over- 
all depth of the mechanism including the operating 
button 26 to fit within the existing profile of the hous- 
ing 1. 

The load applied to the diaphragm by the over- 
ride leaf spring 24 may be predetermined by appro- 
priate selection of the thickness, length and width of 
the over-ride leaf spring 24. 

The pressure of breathing gas delivered by the 
valve under test or over-ride conditions will be affect- 
ed by the characteristics of the over-ride leaf spring. 
A stiff over-ride leaf spring 24 will provide gas under 
higher pressure for a given movement of the button 26 
than a more flexible over-ride leaf spring. A stiffer 
over-ride leaf spring is therefore used when a nega- 
tive pressure demand valve is to be employed in, for 
example, artificial respiration, and gas is to be forced 
into the lungs of a patient. A more flexible over-ride 
leaf spring 24 is all that is required if the button 26 is 
to be used solely for test purposes. 

Because the over-ride leaf spring 24 is flexible 
between the point of action of the button 26 on the 
over-ride leaf spring 24 and the point of contact 29 of 
the over-ride leaf spring 24 with the diaphragm 2, 
movement of the button 26 gives a progressive open- 
ing of the valve rather than a quick switch between off 
and on positions as would occur if a rigid member was 
used to act on the diaphragm 2. 

The flexibility in the over-ride leaf spring 24 af- 
fects the relationship between the movement of the 
button 26, the stiffness of the button 26 and the load 
exerted on the diaphragm 2. The flexibility of the nar- 
rower section 28 of the over-ride leaf spring 24 has 
the greater effect on the load exerted on the dia- 
phragm 2, and the flexibility of the wider section of the 
over-ride leaf spring 24, through which the bolt 25 
passes, has the greater effect on the stiffness of the 
button 26. 

The test or over-ride mechanism incorporating an 
over-ride leaf spring and button as described above 
has application to other valves than the particular de- 
mand valve described and illustrated herein. The test 
or over-ride mechanism may be used with any valve 
employing a movable diaphragm to control flow 
through the valve. 



According to this aspect therefore the present in- 
vention provides a valve for use in breathing appara- 
tus comprising a housing, a diaphragm mounted with- 
in the housing and, together with the housing, defin- 
5 ing a first chamber on one side of the diaphragm and 
a second chamber on the other side of the diaphragm, 
the second chamber being connected to atmosphere, 
a gas inlet to the first chamber, a gas outlet from the 
first chamber, the gas inlet to the first chamber being 

10 closed when there is a predetermined pressure in the 
first chamber and the diaphragm being mounted for 
movement in response to a decrease of pressure be- 
low the predetermined pressure in the first chamber 
to open the gas inlet to admit gas from a source there- 

15 of to the first chamber, an over-ride leaf spring means 
secured in the second chamber adjacent a wall of the 
housing def ining the second chamber, and a button 
slidable in an aperture in said wall to contact the over- 
ride leaf spring and deflect the over-ride leaf spring to 

20 move the diaphragm to open the gas inlet to the first 
chamber in the absence of a pressure lower than the 
predetermined pressure in the first chamber. 

The valve according to this aspect of the present 
invention may be designed for use in artificial respir- 

25 ation, in which case a relatively stiff over-ride leaf 
spring is used, or for simple testing purposes, in 
which case a more flexible override leaf spring may 
be employed. 

The use of an intermediate member to close the 

30 gas inlet as hereinbefore described is another feature 
which has application in other valves than the partic- 
ular demand valve described and claimed herein. In 
particular an intermediate member may be used in a 
valve according to UK Patent No. 2 190 001 . 

35 According to this aspect of the present invention 

there is provided a valve for use in breathing appara- 
tus comprising a housing, a diaphragm mounted with- 
in the housing, and, together with the housing, defin- 
ing first and second chambers on opposite sides of 

40 the diaphragm, a gas inlet to the first chamber which 
comprises a gas inlet channel extending within the 
housing between the first chamber and a gas supply 
channel, an orifice in the gas inlet channel permitting 
a restricted flow of gas from the gas supply channel 

45 to the gas inlet channel, and an intermediate member 
located in the gas inlet channel between the orifice 
and the first chamber, the intermediate member com- 
prising a main body adapted for sliding movement 
within the gas inlet channel but permitting passage of 

so gas along the gas inlet channel past the main body, 
a sealing device projecting from the main body adja- 
cent to the orifice and movable into and out of sealing 
engagement with the orifice, and a head extending 
from the main body into the first chamber, a gas outlet 

55 from the first chamber, vent means in the housing 
connecting the second chamber to a reference pres- 
sure, and pivot means in one of said first and second 
chambers for engaging the diaphragm on a pivot axis 
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between the centre of gravity of the diaphragm and 
the gas inlet, the arrangement being such that, when 
the pressure in the first chamber exceeds the refer- 
ence pressure or a pressure in a predetermined rela- 
tion to the reference pressure, the diaphragm pivots 5 
about the pivot axis to close the gas inlet by acting on 
the head of the intermediate member to move the 
main body of the intermediate member in the gas inlet 
channel until the sealing device is in sealing engage- 
ment with the orifice. w 

The intermediate member is preferably a needle 
member as herein disclosed having a needle as the 
sealing device which is movable into and out of seal- 
ing engagement with the orifice. However other seal- 
ing devices may be employed, for example a ceramic 15 
ball. If the orifice is formed in a raised seat, for exam- 
ple a frustum, the sealing device may be a suitable 
flat surface. 

Figure 1 of the accompanying drawings shows 
the valve of the present invention used as part of a pi- 20 
lot-operated demand valve in association with an in- 
hale valve which is the subject of our co-pending Eu- 
ropean Patent Application No. 0582419. 
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1 . A valve for use in breathing apparatus comprising 
a housing, a diaphragm mounted within the hous- 
ing and, together with the housing, defining a first 30 
chamber on one side of the diaphragm and a sec- 
ond chamber on the other side of the diaphragm, 

a gas inlet to the first chamber, a gas outlet from 
the first chamber, vent means in the housing con- 
necting the second chamber to ambient atmos- 35 
phere, pivot means in the first chamber for en- 
gaging the diaphragm on a pivot axis between the 
centre of gravity of the diaphragm and the gas in- 
let, first spring means mounted to the housing 
within the second chamber and extending into en- 40 
gagement with the opposite side of the dia- 
phragm to the pivot means and applying to the 
diaphragm a force directed toward the pivot axis 
to maintain the diaphragm in engagement with 
the pivot means, and further spring means 45 
mounted to the housing and extending into the 
first chamber into contact with the diaphragm at 
a position on the opposite side of the pivot means 
to the gas inlet and urging the diaphragm to pivot 
so that the part of the diaphragm on the same so 
side of the pivot means as the gas inlet is moved 
in a direction to close the gas inlet whereby the 
gas inlet is closed by the diaphragm at a pressure 
below atmospheric pressure. 

55 

2. A valve according to Claim 1 further comprising 
adjustment means for adjusting the further 
spring means to vary the moment about the pivot 



exerted by the further spring means. 

3. A valve according to Claim 1 or Claim 2 wherein 
the first spring means is first leaf spring means. 

4. A valve according to any one of Claims 1 to 3 
wherein the further spring means is further leaf 
spring means. 

5. A valve according to any one of Claims 1 to 4 in- 
cluding additional spring means mounted to the 
housing within the second chamber and extend- 
ing into contact with the diaphragm at a position 
on the opposite side of the pivot means from the 
gas inlet. 

6. A valve according to Claim 5 wherein the addi- 
tional spring means comprises additional leaf 
spring means. 

7. A valve according to Claim 5 or Claim 6 wherein 
the first spring means and the additional spring 
means are combined in a single part comprising 
a common base member and two twin leaf 
springs extending therefrom, one twin leaf spring 
being the first spring means and the other twin 
leaf spring being the additional spring means. 

8. A valve for use in breathing apparatus comprising 
a housing, a diaphragm mounted within the hous- 
ing and, together with the housing, defining a first 
chamber on one side of the diaphragm and a sec- 
ond chamber on the other side of the diaphragm, 
a gas inlet to the first chamber, a gas outlet from 
the first chamber, vent means in the housing con- 
necting the second chamber to ambient atmos- 
phere, pivot means in the first chamber for en- 
gaging the diaphragm on a pivot axis between the 
centre of gravity of the diaphragm and the gas in- 
let, V-shaped leaf spring means mounted to the 
housing within the second chamber such that the 
apex of the V-shaped leaf spring means contacts 
the diaphragm at a position in the second cham- 
ber opposite to the pivot axis to urge the dia- 
phragm into engagement with the pivot under all 
operating conditions while imparting to the dia- 
phragm negligible moment to pivot about the piv- 
ot means, adjustable leaf spring means mounted 
to the housing within the first chamber and ex- 
tending into the first chamber into contact with 
the diaphragm at a position on the opposite side 
of the pivot means to the gas inlet and urging the 
diaphragm to pivot so that the part of the dia- 
phragm on the same side of the pivot means as 
the gas inlet is moved in a direction to close the 
gas inlet, and additional leaf spring means 
mounted to the housing in the second chamber 
and extending into the second chamber into con- 
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tact with the diaphragm at a position between the 
contact with the diaphragm of the apex of the V- 
shaped leaf spring means and the point of contact 
with the diaphragm of the adjustable leaf spring 
means, the adjustable leaf spring means being 
operative to exert a greater moment about the 
pivot axis than the additional leaf spring means, 
whereby the gas inlet is closed at a pressure be- 
low atmospheric pressure. 



10. A valve according to Claim 9 wherein there is fur- 
ther provided needle head leaf spring means 
which is mounted to the housing in the first cham- 
ber and which engages the head of the needle 



13. A valve according to any one of Claims 1 to 11 



which is a pilot valve controlling a main valve. 

14. A valve for use in breathing apparatus construct- 
ed and arranged to operate substantially as here- 

5 inbefore described with reference to the accom- 

panying drawings. 

1 5. A valve for use in breathing apparatus comprising 
a housing, a diaphragm mounted within the hous- 

10 ing and, together with the housing, defining a first 

chamber on one side of the diaphragm and a sec- 
ond chamber on the other side of the diaphragm, 
the second chamber being connected to atmos- 
phere, a gas inlet to the first chamber, a gas out- 
let from the first chamber, the gas inlet to the first 
chamber being closed when there is a predeter- 
mined pressure in the first chamber and the dia- 
phragm being mounted for movement in re- 
sponse to a decrease of pressure below the pre- 
determined pressure in the first chamber to open 
the gas inlet to admit gas from a source thereof 
to the first chamber, an over-ride leaf spring 
means secured in the second chamber adjacent 
a wall of the housing defining the second cham- 
ber, and a button slidable in an aperture in said 
wall to contact the over-ride leaf spring and de- 
flect the over-ride leaf spring to move the dia- 
phragm to open the gas inlet to the first chamber 
in the absence of a pressure lower than the pre- 
determined pressure in the first chamber. 

16. A valve according to Claim 15 for use in artificial 
respiration. 

35 17. A valve according to Claim 15 wherein the over- 
ride leaf spring means and the button are provid- 
ed for testing purposes. 

18. A valve for use in breathing apparatus comprising 
a housing, a diaphragm mounted within the hous- 
ing, and, together with the housing, defining first 
and second chambers on opposite sides of the 
diaphragm, a gas inlet to the first chamber which 
comprises a gas inlet channel extending within 
the housing between the first chamber and a gas 
supply channel, an orifice in the gas inlet channel 
permitting a restricted flow of gas from the gas 
supply channel to the gas inlet channel, and an in- 
termediate member located in the gas inlet chan- 
nel between the orifice and the first chamber, the 
intermediate member comprising a main body 
adapted for sliding movement within the gas inlet 
channel but permitting passage of gas along the 
gas inlet channel past the main body, a sealing 
device projecting from the main body adjacent to 
the orifice and movable into and out of sealing en- 
gagement with the orifice, and a head extending 
from the main body into the first chamber, a gas 



9. A valve according to Claim 8 wherein the gas inlet 
to the first chamber comprises a gas inlet channel 
extending between the first chamber and a gas 
supply channel within the housing, the gas inlet 
channel includes an orifice connecting the gas is 
inlet channel to the gas supply channel, and a re- 
ciprocal needle member is located within the gas 
inlet channel between the orifice and the first 
chamber, the needle member comprising a main 
body adapted for movement along the channel 20 
but permitting passage of gas along the gas inlet 
channel past the main body, a needle located on 
the main body adjacent to the orifice and mov- 
able into and out of sealing engagement with the 
orifice, and a head extending from the main body 25 
into the first chamber into contact with the dia- 
phragm whereby the diaphragm causes the nee- 
dle member to move the needle into sealing en- 
gagement with the orifice when the moments 
exerted on the diaphragm by the pressure in the 30 
first chamber and by the adjustable leaf spring 
means exceed the moments exerted on the dia- 
phragm by the pressure in the second chamber 
and by the additional leaf spring means. 



member to urge the head of the needle member 40 
continuously into contact with the diaphragm. 

11. - A valve according to any one of Claims 8 to 10 

further including an over-ride leaf spring secured 
in the second chamber with the over-ride leaf 45 
spring adjacent a wall of the housing defining the 
second chamber, said wall having an opening 
therein and a button slidable in the said opening 
to contact the over-ride leaf spring and deflect the 
over-ride leaf spring to move the diaphragm 50 
against the action of the adjustable leaf spring 
means to obtain flow through the valve without a 
user attempting to draw gas from the valve. 

12. A valve according to any one of the preceding 55 
Claims which is a demand valve. 
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outlet from the first chamber, vent means in the 
housing connecting the second chamber to a ref- 
erence pressure, and pivot means in one of said 
first and second chambers for engaging the dia- 
phragm on a pivot axis between the centre of 
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22. A valve according to Claim 18 or Claim 19 where- 
in the pivot means is located in the first chamber. 



the gas inlet at a predetermined pressure above 
atmospheric pressure. 



gravity of the diaphragm and the gas inlet, the ar- 
rangement being such that, when the pressure in 
the first chamber exceeds the reference pressure 
or a pressure in a predetermined relation to the 
reference pressure, the diaphragm pivots about 10 
the pivot axis to close the gas inlet by acting on 
the head of the intermediate member to move the 
main body of the intermediate member in the gas 
inlet channel until the sealing device is in sealing 
engagement with the orifice. 15 

19. A valve for use in breathing apparatus comprising 
a housing, a diaphragm mounted within the hous- 
ing, and, together with the housing, defining first 
and second chambers on opposite sides of the 20 
diaphragm, a gas inlet to the first chamber which 
comprises a gas inlet channel extending within 
the housing between the first chamber and a gas 
supply channel, an orifice in the gas inlet channel 
permitting a restricted flow of gas from the gas 25 
supply channel to the gas inlet channel, and a 
needle member located in the gas inlet channel 
between the orifice and the first chamber, the 
needle member comprising a main body adapted 
for sliding movement within the gas inlet channel 30 
but permitting passage of gas along the gas inlet 
channel past the main body, a needle projecting 
from the main body adjacent to the orifice and 
movable into and out of sealing engagement with 
the orifice, and a head extending from the main 35 
body into the first chamber, a gas outlet from the 
first chamber, vent means in the housing con- 
necting the second chamber to a reference pres- 
sure, and pivot means in one of said first and sec- 
ond chambers for engaging the diaphragm on a 40 
pivot axis between the centre of gravity of the dia- 
phragm and the gas inlet, the arrangement being 
such that, when the pressure in the first chamber 
exceeds the reference pressure or a pressure in 
a predetermined relation to the reference pres- 45 
sure, the diaphragm pivots about the pivot axis to 
close the gas inlet by acting on the head of the 
needle member to move the needle member in 
the gas inlet channel until the needle is in sealing 
engagement with the orifice. 50 

20. A valve according to Claim 18 or Claim 19 where- 
in the pivot means is located in the second cham- 
ber. 

55 

21. A valve according to Claim 20 wherein the vent 
means connects the second chamber to ambient 
atmosphere, and the diaphragm pivots to close 
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